Aspects of Diffraction at the Tevatron

Konstantin Goulianos
The Rockefeller University & The CDF Collaboration

CIPANP-2003, New York City, 19-24 May 2003

e [ntroduction

o Soft Diffraction
 Hard Diffraction
« Conclusion

Selected reviews:. hep-ex/0011059, hep-ex/0011060, hep-ph/0205141, hep-ph/0203217

10-24 M av 2002 K Goiillianos CIPA NP-2002 1




Introduction

PROTON-PROTON ELASTIC SCATTERING

i ’ Diffraction *

DIFFRACTION
PATTERN

19-24 May 2003

IO T I A |

| O I I I R I

K. Goulianos, CIPANP-2003

. K dissociation
PROTON 0
BEAM (
TARGET 2
PROTON
&-’: APL - Mx < l“n — 0.0l 0.02 o,?s 0.1
0?2 T T 7 T T i P S m 1||=|||[]= T AL L L L A |
PROTON-PROTON ELASTIC SCATTERING L b o+ p(d) —X + pd)
MOMENTA (GeV/c) _| B
' a CLYDE (966)30,50;0,71 @ 50 C d%o s = 500 GeV? .
(1967) 14.2 0 2 =0. V/
o ALLABY etal. {(1965)1’11,101,121 C) C éi dt dMy It1=0,025 (fgoingz
00 L (1968) I 19.2 K % : from
A v ANKENBRANDT et al. (1968) 3.0 | §§ Experiment PLAB Itl-value
*% 3 o ALLABY et al. (1971) 100,120,14.2,24.0 « ° m ’é‘?? 0.035
\ R (1972) 1500 ! T ? Akimov etal. 0.05
T %) 20 - e USA-USSR 260 0025
Q D B ) } é Bartenev etal.
ol | o ) A+ CHLM(ISR) 281 0.15
dU 20- [ 10 Albrow etal.
— 3 G do gt - ISR O
2 - A
dt % 0’ 7 dth %) - Abe et al. 1
E 3 B
= Y o5 F -> ~—
§ o 1 ° r '3
10 — -
o5l *‘,}&;,# 22— L
~o 02
'}}{% )
1
-6 1500 _| o } [ ]
" H t Y }H#ﬂ gy # 4
T ol b . F ]
0’ . L ! I L L C N R N N N R | A B B e B e
’ mzmmemm mms:snsamm Itl (ssev’) ’ ' 2 5 10 20 50
KG, Phys. Rep. 101 (1983) 171 2 »
MX - (GeV)

100



Diffraction and Rapidity Gaps

v'rapidity gaps are regions of rapidity devoid of particles

d Non-diffractive interactions:
rapidity gaps are formed by
multiplicity fluctuations

From Poisson statistics:

v

P(an) =e” (p = dnj
dy

(r=particle density in rapidity space)

(] Diffractive interactions:

rapidity gaps, like diamonds,
‘live for ever’

Ay=-Iné=Ins-InM?

Gaps are exponentially suppressed

P— < > P
c
e
= 5
X ! RAPIDITY £
DIFFRACTIVE i GAP l
CLUSTER i
0 k—-In&——i
r] max In(2p/p T)
do 1 do
> -~ > - —_— = COnStant
dMZ M doy

v’ large rapidity gaps are signatures for diffraction
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The Pomeron

» Quark/gluon exchange across a rapidity gap:
POMERON
» No particles radiated in the gap:

the exchange is COLOR-SINGLET with quantum numbers of vacuum

> Rapidity gap formation:
NON-PERTURBATIVE

> Diffraction probes the large distance aspects of QCD:

9
POMERON <= CONFINEMENT

d PARTONIC STRUCTURE

d FACTORIZATION
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Diffraction at CDF in Run I

[ Elastic scattering  PRD 50 (1994) 5518

(1 Total cross section PRD 50 (1994) 5550

O Diffraction ) B _
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SOFT diffraction ¢

Non-Diffractive

HARD diffraction
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Run 1
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— , Pomeron

ap(t) =1+e+at trajectory y

TOTAL CROSS SECTION ELASTIC SCATTERING ‘— | n M )2( —>

p—r o —or «—Ins—— Ay=Ins-Ay

p p— .

B(t) d g '
m: fpp(Ay,t) % Op_,(AY)

Renormalize to unity
KG, PLB 358(1995)379
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<4— Gap probability
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Soft Single Diffraction (CDF-I)

p(p) +p — p(p) + X

Total cross section
KG, PLB 358 (1995) 379

100

Differential cross section

KG&JM PRD 59 (114017) 1999

std. and renorm. @ 14 GeV (0.01 <§<O0. 03)
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flux predlctlon
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™ REGGE

| do s*
% dM 2 (M 2)1+é‘
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0 / dM 2 (M 2)1+£

50t 10 et
M2 (CeV?)

Q Differential shape agrees with Regge
O Normalization is suppressed by factor L] S

L Renormalize Pomeron flux factor to unity —rb M2 SCALING

GindependenDd
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Central and Double Gaps (CDF-I

; M, n n ® Double Diffraction
|P mln max
p
MZ

<In M2 <In M2
* Measure #Events versus An

(@)

m/\

P O Double Pomeron Exchange

) ; > Measure = Z E, [&"

(b) P allpartlcles
= Y X
S N N > Plot #Events versus log(£)

Y
B p D Nmin Nmax
s\ y Mn O SDD: singlet+double diffraction
| it cnmp TME » Central gaps in SD events
2 Ins
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Central and Double-gap Results (CDF)

Differential shapes agree with Regge predictions
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Two-gap Diffraction (hep-ph/0205141

| | Y1

5 independent varlables{ t1 Ay:Ay1+Ay2
factor

5

d°o —CxE 2(t ) {e(é:+cr'ti )Ayi} XKZ{O. ef Ay1+Ay2)
dv P
|_| i 1=1-2
i=1-5 S — — - =
Gap probability Sub-energy cross section

(for regions with particles)
Integral ~ 52‘9 <+ ~ eZeAy

Renormalization removes the s-dependence = SCALING
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Hard diffraction (Run 1)
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Hard Diffraction Using Rapidity Gaps

 SINGLE DIFFRACTION

pp - X +gap

SD/ND gap fraction (%) at 1800 GeV

1 DOUBLE DIFFRACTION

pp - Jet —gap — Jet

DD/ND gap fraction at 1800 GeV
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Diffractic Dijets with Leading P (CDF)
= :é ng Bjorken-x of antiproton

_ 1 L
ng :—SZET e’

#]ets

F " (x,Q%) Nucleon structure function

(not detected) F (¢,1, X, Qz) Diffractive structure function

ISSUES: 1) QCD factorization >F (£ t x Q?)| is F°” universal?

2) Regge factorization > FSD(Q(,'[,,B,QZ) - f|P—qux(£1t)x f|p(/8aQ2) ?

ﬂ =X / f momentum fraction of parton in | P

METHOD of measuring F3P : measure ratio R(¢,t) of SD/ND rates for given &t
set R(&,t)=F°/F\D
evaluate FP = R * FND

10-24 M av 2002 K Goiillianos CIPA NP-2002 14



B

F

Dijets in Single Diffraction (CDF-I)

Test QCD factorization

JJ

- H1 fit-2 -+ CDF data
-------- H1 fit-3 EF12 7 GeV
100
= (Q%=75GeV?) 0.035 < £ < 0.095
|t]<1.0GeV?
10

0.1}

Fy; (B)

Suppressed at the Tevatron
relative to predictions based
on HERA parton densities
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Regge factorization holds

m=1= Pomeron exchange
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Dijets in Double Pomeron Exchange (CDF-I)

Test of factorization
= } R(SD/ND)
p@ } R(DPE/SD)

equal ?

DPE

et Jet

o C— np\p
(not detected)
[ o RYE 7<EF"?<10Gev
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] ]
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B
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v MiniPlug calorimeters (3.5<n<5.5) 0 Roman Pot Spectrometers
v Beam Shower Counters (5.5<n<7.5) on proton & antiproton sides
v Antiproton Roman Pot Spectrometer
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Run II Data Samples (CDF)

Triggers
J5 At least one cal tower with ET > 5 GeV
RP inclusive Three-fold coincidence in RP trigger counters
RP+J5 Single Diffractive dijet candidates
RP+J5+BSC-GAP_p | Double Pomeron Exchange dijet candidates

( Results presented are from ~26 pb-! of data
(d The Roman Pot tracking system was not operational for these data samples
L The ¢ of the (anti)proton was determined from calorimeter information:

Z El (-)+n'

cal towers

(-)+ is for (anti)proton
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Run 1I Dijets in Single Diffraction (CDF)

—distribution R=(SD/A)/ND
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Run 11 Dijets in DPE (CDFK

(@)

(b)

D r— T |
ol
=

CDF Run Il Preliminary
SD Events

0.01 <§;< 0.1

#EVENTS

®EVENTS

10-24 M av 2003

P

P
P

SD Events
0.01< g; <0.1

1500

#EVENTS

#EVENTS

CDF Run Il Preliminary

jet1

1IN, o (IN/IE
3 3

&

o

o,

CDF Run Il Preliminary

EF" (GeV)

CDF Run Il Preliminary

3

1IN, o (dNIIE

=)

RP+Jet5

o

O‘

D‘

b

&

C HHHI T HHHII T \HHH‘ T \HHH‘ TT1T

9

Transverse Energy of
Second Leading Jet

« DPE= SDE +GAP,
SD.

d
----ND
SD; :0.03< §;< 0.1
GAP, :3.6<n,, <75
EF” > 10 Gev

—
F DPE =S0; + GAP ¥ DPE = SD. + GAP
- Transverse Energy - D, B ’ .g 01 SD'-, 10.03< éE <0.1 * so 3 "
E . of Leading Jet g = - : g
E of Leading Je C..ND % Gf‘\Pp.3.6<nwp<7.5 —.-ND
I ~ I Ef?>10Gev
| SD;:0.03< ;<01 5 L
E . =
E . GAP, 13,6 < Ty <76 Z I
r . EF” > 10 Gev ~ .05}

Wi b |
0 20 40 60 80 100 1 4 3 2 -1 0 1 2 3 4

M= (Mg *+ M) /2

Run Il Preliminary
DPE = 5D, + GAP,
L aD-

P
[ |---- ND

= -

| SD;:0.08<&;<0.1
- GAP,:36<7,, <75
~ EF2> 10 Gev

I I_ﬁ-l.'*u"k:} I ﬂ : - - 5
20 40 60 80 100 120 sz sz anl Lo tns i L L L
EF? (Gev) 0.5 T 1.5A¢ N qz)jm1 ] cb].j:I i :n)
CDF Run Il Preliminary Exclusive dijets?
E A SDﬁ [Frescale 280)
-?: 6 —r— o DPE:SD5+GP~PP(5.5=71@<?.5) (Prescale 5
2 10 3 _a__ﬂ__&_ - DPE:SD5+GﬁPp(S.B«ngm«?.E)(Prescale5
1] 5 -
¢ 10 a—_&__ﬂ_ Energy Scale Uncertainty
@ T L =26 pb"
b 4 —0—_ —im = P
a 10 & _-__._—--.-_.__._:9::9:#;%:__&_&_
s 3 e -a-"'_'le;‘r\—
o 10 'i-j-_ /
il =
o =
4 10° Dijet Mass Fraction - L—
ey SD.:0.03 < ¢ <0.1
10 ie,pz
Er >10GeV
AP R SR R MR P B N
To 0.2 0.4 0.6 0.8

K Goiillianos CIPA NP-2002



Inclusive/Exclusive DPE Dijet Predictions

(a) exclusive (b inclusive (C) central-inelastic 5

COF "
a0
— 4r
T
aF
]
E 2
—
'| L
|: 1 1 1
[ a2 a4 (L [1E:] 1

Dijet mass Facian

Khoze. Martin, Ryskin
Fur. Phys, 1. C23, 211 (2001), C26, 229 (2002)

{

Exclusive dijets in Run [ CDF kinematics
~ Inb (factor 2 uncertainty)

Enberg, Ingelman, Timneanu
Acta. Phys. Polon. B33, 3479 (2002)

f

Recent Calculation: ~ 60pb
(25<E <35 GeV, I -1 kk2)
r | s

/N (dNidRy))

Used to normalize calculations

Lo predict e.g, diffractive Higgs R _
DI duction Boonekamp, Peschanski, Rovon  Appleby, Forshaw
Phys. Rev. Lett. 87, 251806 (2001)  Phys. Lett. B541, 108 (2002)
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Run II: Exclusive DPE Dijets ?

CDF Run Il Preliminary

s, E - ST, (Prescals 280)
S 10° S o DPE = SO; + GAP(5.51 < 7.5) (Prescale 5
s 10 B v, . DPE = S0, + GAP,(3.69045,<7.5) (Prescale 5
- 5 F e
W 10 ﬂ_—&—_&_ Energy Scale Uncertainty
¢ JF T T e L =26 pb"
Y 0 e — i
o = — i P e
“ 3 F o pa \
wn 10 E —i il
£ F ~ ool
¢ 10°L Dijet Mass Fraction 0 exclusive dijet
L bump observed
44 SD-:0.03< £:<0.1
10 i
EF?5 10 GeV
! A ! | A ! ! | ! A ! | A ! ! | ! |
To 0.2 0.4 0.6 0.8 1
R =M_M,
i ii
" & N - —

Ir]jm_zl«-i_.fﬂ. 0.03<€ ><0.1, B.G{r]gap{?.:‘l. R = G‘?

Minimum E_f%""’” Cross Section : g'jj;f;,:”(}fﬁ:: 0.8)

10 GeV 970 + 65(stat) £ 272(syst) pb  Generous upper limit

25 GeV 34+ 5(stat)+ 10(syst) pb  on exclusive dijets
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Double Pomeron Exchange Dijet Events

Rjj=0.36, Jet1(2)=36.2(33.3) GeV

Rjj=0.81, Jet1(2)=33.4(31.5) GeV

Event: 78696 Run:151920 EventType: DATA | Unp esey w 4,3,41,10,11,43,19,53,23,24,25,26,27,29,30 Presc: 33,34,10,2;
o -
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Soft and hard conclusions
SOFT = 1) Differential shapes agree with factorization based Regge predictions

2) Single-gap production rates are suppressed as the energy increases
3) Renormalizing the gap probability to unity vields correct rates

4) Two-gap to one-gap ratios are ~ equal to K = J,p_;p_;p / ,B”:,_p
HARD —> Same general features as in soft diffraction

COLOR
FACTOR
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